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簡報者
簡報註解
The genetic material in humans is present in each cell of the body. The main portion is contained in the chromosomes located in the nucleus of the cell.

The normal human genome is composed of 23 chromosomes: 22 autosomes (numbered 1-22) and 1 sex chromosome (an X or a Y).
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簡報者
簡報註解
The chromosomes in a pair (the homologous chromosome pair) are very similar in structure (i.e., in length and in the base pair sequence). 
However, they are not complete copies of each other– one chromosome is inherited from the mother, another from the father, and they are different because of the existence of genetic polymorphisms.

Each chromosome is composed of DNA which has a linear structure and is essentially a sequence of the four base pairs- A-T, G-C, T-A and C-G.
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簡報者
簡報註解
If we look into the genetic sequence of the same chromosome of different individuals in the population, we shall see, that large parts of the genetic sequence are quite similar for all the individuals.
More than 99% of the nucleotides in DNA are the same in all humans
However, it will be also evident that the base pair sequence varies from individual to individual. Such variation is called genetic polymorphism.

There are three major types of genetic polymorphisms
“Nucleotide level” variants
Small-scale variants. Involve segments of DNA <1 kb
Constitute most genetic variation
Include SNP, micro- and minisatellite, small (usually <1 kb) insertions, deletions, inversions and duplications, …
Microscopic structural variants
Large enough to be identified using a microscope
~3 Mb or more in size
Included aneuploidies, rearrangements, heteromorphisms, fragile sites, …
Submicroscopic structural variants
Involves segments from ~1 kb to 3 Mb in size

Today, we will be focused on one of the submicroscopic structural variants, called
Copy-number variant (CNV) 
A segment of DNA that is 1 kb or larger and is present at a variable copy number in comparison with a reference genome. 
[[going back to the plot, and explaining CN=2 and CN=4]]



 CNVs account for roughly 12% of the 
human genome 

 Down syndrome: a genetic disorder caused 
by the presence of a third copy of 
chromosome 21 

 Mental disorders, including autism, 
schizophrenia: about 1% with rare DNA 
deletions in chromosome 15q13.3, 16p11.2, 
or 1q21.1 

 Breast cancer: 20-30% with HER-2 gene 
amplification and over-expression 
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Copy number variations (CNVs) 
and human genetic diseases  

簡報者
簡報註解
CNVs account for roughly 12% of the human genome
They can encompass millions of bases of DNA, containing entire genes and their regulatory regions
CNVs have been found to be related to many human diseases, including 
Down syndrome, which is a genetic disorder caused by the presence of a third copy of chromosome 21
Mental disorders, including autism, schizophrenia: about 1% of patients with rare DNA deletions in chromosome 15q13.3, 16p11.2, or 1q21.1
Breast cancer: about 20-30% of patients with HER-2 gene amplification and over-expression
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Detecting CNVs  
Array-based comparative genome 
hybridization (array-CGH) 

簡報者
簡報註解
How to detect CNVs? We can use the Array-based comparative genome hybridization (array-CGH) technology.

In array-CGH, reference and test DNA samples are differentially labelled with fluorescent tags (Cy5 and Cy3, respectively), and are then hybridized to genomic arrays. After hybridization, the fluorescence ratio (Cy3:Cy5) is determined, which reveals copy-number differences between the two DNA samples. Typically, array-CGH is carried out using a “dye-swap” method, in which the initial labelling of the reference and test DNA samples is reversed for a second hybridization. This detects spurious signals for which the reciprocal ratio is not observed. An example output for a dye-swap experiment is shown: the red line represents the original hybridization, whereas the blue line represents the reciprocal, or dye-swapped, hybridization. 



9 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

Detecting CNVs  
Spotted oligonucleotides on Affymetrix SNP 
arrays 

簡報者
簡報註解
Another way to detect CNVs is using the Spotted oligonucleotides on Affymetrix SNP arrays.
In this approach, 

[[go back to the plot, talk about steps 1-6, and at step 6 says: ]]

We can obtain hybridization intensities of different DNA segments.

Hybridization intensities are compared with average values that are derived from controls, such that deviations from these averages indicate a change in copy number. 
SNP arrays provide genotype information as well as information about copy number.
We can use Affymetrix 500K (originally designed for SNPs only), or redesigned Affymetrix SNP 6.0 (combine traditional SNP probes with “copy-number probes,” targeted to regions known to contain CNVs.)
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Limitations of hybridization-
based microarray approaches 
 Hybridization-based microarray 

approaches: array-CGH and SNP arrays 
 Microarrays are limited to 

 detecting copy-number differences of 
sequences present in the reference assembly 
used to design the probes, 

 provide no information on the location of 
duplicated copies,  

 are generally unable to resolve breakpoints at 
the single-base-pair level 

簡報者
簡報註解
Above two approaches: array-CGH and SNP arrays are the hybridization-based microarray approaches.

[[go back to ppt, talk from: Microarray are limited to …]]
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Sequencing-based computational 
approaches 
 The advent of next-generation 

sequencing (NGS) technologies promises 
to revolutionize copy number variation 
(CNV). 

 NGS approaches can map CNVs with 
much greater accuracy than 
hybridization-based microarray 
approaches. 

 However, NGS approaches present 
substantial computational and 
bioinformatics challenges.  

簡報者
簡報註解
Talk ppt
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Sequencing-based computational 
approaches 
 There are four general types of NGS 

strategy, all of which focus on mapping 
sequence reads to the reference genome 
and subsequently identifying CNVs:  
 read-pair (paired-end reads),  
 read-depth,  
 split-read,  
 sequence assembly.  

簡報者
簡報註解
Talk ppt
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簡報者
簡報註解
Now, let me show you how NGS works:

Target DNA sequence
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簡報者
簡報註解
Use biological techniques to cut the DNA sequences into pieces:
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簡報者
簡報註解
We then take these DNA pieces (reads) for sequencing to know what their contents are: the ordering of A, T, C, G bases.

The overwhelming majority of DNA sequence production to date has relied on some version of the Sanger biochemistry.
Over the past five years, the incentive for developing entirely new next-generation strategies for DNA sequencing has emerged.

Current available next-generation sequencing platforms have
Illumina/Solexa
ABI SOLiD
Roche 454
Polonator
HeliScope
…
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簡報者
簡報註解
The individual outputs of the sequence machines are essentially worthless by themselves. 
We need to know where each read comes from in the genome.
The alignment procedure maps reads into the reference genome and remains the first and most fundamental analysis once the DNA sequence has been produced.

After alignment, we can count how many reads are attached into each base. [[go back to the plot show RD/base]]

The read-depth signatures are affected by the sequencing bias and noise of the current technologies.
To overcome noise, current methods group bases that support the same variation together into windows. 
[[go back to the plot show RD/window]]
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簡報者
簡報註解
If we draw the log(RD) on each genomic position (as the following graph), we can find that the majority positions have copy number=2, small portions have CN>2 or CV<2.
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簡報者
簡報註解
We have adopted a Bayesian procedure to model the CNVs. 
Now, I will show you how we do the modelling. 



20 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

1 2 3 4 5 6 7 8 9 1
0 

1
1 

1
2 

1
3 

1
4 

1
5 

1
6 

1
7 

1
8 

1
9 

2
0 

2
1 

2
2 

2
3 

2
4 

2
5 …… 

D1 D3 D5 D7 D9 D11 D15 D17 D19 D21 D25 D13 D23 
D2 D4 D6 D8 D10 D12 D16 D18 D20 D22 D14 D24 

CN state: C1
*=2 C2

*=1 C3
*=2 C4

*=3 

B0 
∥  
1 

B9 
∥  
1 

B13 
∥  
1 

B20 
∥  
1 

Breakpoint: 
B1 
∥  
0 

B8 
∥  
0 

…… 

C11, C12, …,C1K 

wF1, wF2, …,wFK 

w01, w02, …,w0K 

C21, C23, …,C2K 
C41, C43, …,C4K 

w21, w23, …,w2K 

( ),P C B D
 ( ) ( ) ( )| , |P P P∝ × ×D C B C B B

    

log RD 
/window: 



21 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

1 2 3 4 5 6 7 8 9 1
0 

1
1 

1
2 

1
3 

1
4 

1
5 

1
6 

1
7 

1
8 

1
9 

2
0 

2
1 

2
2 

2
3 

2
4 

2
5 …… 

D1 D3 D5 D7 D9 D11 D15 D17 D19 D21 D25 D13 D23 
D2 D4 D6 D8 D10 D12 D16 D18 D20 D22 D14 D24 

CN state: C1
*=2 C2

*=1 C3
*=2 C4

*=3 

B0 
∥  
1 

B9 
∥  
1 

B13 
∥  
1 

B20 
∥  
1 

Breakpoint: 
B1 
∥  
0 

B8 
∥  
0 

…… 

( ),P C B D
 ( ) ( ) ( )| , |P P P∝ × ×D C B C B B

    

Bi  ~  Binomial ( λ ) 

log RD 
/window: 



22 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

1 2 3 4 5 6 7 8 9 1
0 

1
1 

1
2 

1
3 

1
4 

1
5 

1
6 

1
7 

1
8 

1
9 

2
0 

2
1 

2
2 

2
3 

2
4 

2
5 …… 

D1 D3 D5 D7 D9 D11 D15 D17 D19 D21 D25 D13 D23 
D2 D4 D6 D8 D10 D12 D16 D18 D20 D22 D14 D24 

CN state: C1
*=2 C2

*=1 C3
*=2 C4

*=3 

B0 
∥  
1 

B9 
∥  
1 

B13 
∥  
1 

B20 
∥  
1 

Breakpoint: 
B1 
∥  
0 

B8 
∥  
0 

…… 

log RD 
/window: 



23 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

CN state: C1
*=2 C2

*=1 C3
*=2 C4

*=3 

1. Merge 

C1
*=1 

C3
*=2 C4

*=3 

C1
*=2 

C2
*=2 C3

*=3 

C3
*=2 C4

*=3 

C2
*=2 C3

*=3 C1
*=2 C2

*=3 



24 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

CN state: C1
*=2 C2

*=1 C3
*=2 C4

*=3 

2. Split 

C1
*=1 

C3
*=2 C4

*=3 

C1
*=2 

C2
*=2 C3

*=3 

C3
*=2 C4

*=3 

C2
*=2 C3

*=3 C1
*=2 C2

*=3 



25 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

CN state: C1
*=2 C2

*=1 C3
*=2 C4

*=3 

3. Trifid 

C1
*=1 

C1
*=2 

C2
*=2 C3

*=3 

C2
*=2 C3

*=3 C1
*=2 C2

*=3 



26 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

CN state: C1
*=2 C2

*=1 C3
*=2 C4

*=3 

4. Boundary Change 

C1
*=2 C2

*=1 C3
*=2 C4

*=3 C1
*=2 C2

*=1 

C3
*=2 C4

*=3 C1
*=2 C2

*=1 C1
*=2 C2

*=1 



27 

 Copy Number  
     Variations 
 
 Sequencing 
    Read Depths 
 
 Bayesian  
     Procedure 

•Model 
•RJMCMC 

 
 NTUH data 
 

 Silver-Russell syndrome: a growth 
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Sample 1 vs. 2: 

:Deletion :Normal :Duplication 

7p15.3 
4844895bp 



Thank you  
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